Background. Coronary revascularization in patients with persistent angina after myocardial infarction reduces the incidence of recurrent angina pectoris and myocardial infarction and improves left ventricular function. The results of revascularization after a Q wave myocardial infarction when there is
E arly reperfusion in acute myocardial infarction can limit infarct size and improves left ventricular (LV) function and survival.1-3 However, when a Q wave myocardial infarction has occurred, and coronary angiography has shown severe stenosis of the infarct-related artery, the clinical significance of the residual stenosis is uncertain. A late intervention to remove the obstruction to coronary flow may be useful if viable myocardium persists in the territory depending on the stenotic or occluded artery. Previous studies have demonstrated percutaneous transluminal coronary artery angioplasty (PTCA) to be effective when performed early for postinfarction angina. 45 Furthermore, PTCA improves resting LV systolic function in patients with necrosis and myocardial asynergy. [6] [7] [8] In these studies, PTCA was performed in patients with recurrent angina pectoris and most often within the first 2 weeks after myocardial infarction. In contrast, it is not known whether successful PTCA of the infarct artery can improve LV systolic function in asymptomatic patients with a Q wave myocardial infarction older than 1 month. We hypothesized that some myocardium may remain viable in those patients with a significant stenosis but persistent anterograde blood flow in the infarct-related artery and that PTCA may reveal this viability.
The problem of differentiating viable from nonviable myocardium can be approached by the evaluation of myocardial perfusion and metabolism with positron emission tomography and, more routinely, by`TI myo-cardial perfusion imaging.9-13 However, the definitive evidence of viable myocardium and the utility of any therapy purported to save the jeopardized myocardium are ascertained by the changes of ventricular wall motion.1' In this study, we considered temporal improvement of regional function to be the main determinant of myocardial viability. LV function was assessed by angiography, which was performed before and 2 months after PTCA or conservative medical treatment, according to randomization. Myocardial viability was further assessed by repeated stress`"Tl tests. After 2 months of follow-up, we measured coronary blood flow by a Doppler catheter to determine whether the expected increase of blood flow induced by PTCA was present several weeks later in the artery related to the infarct zone. Coronary reserve was evaluated using the ischemic effects of contrast media, the relation of which to myocardial viability was recently reported.'4 Therefore, we appreciated the effects of revascularization in terms of epicardial coronary blood flow, '0'Tl myocardial perfusion, and both regional and global LV function.
Methods

Patient Selection
The patients selected for study had myocardial infarctions with no evidence of residual ischemia and angiographically proven single-vessel disease. The inclusion criteria were 1) myocardial infarction with Q waves in two leads or more; 2) chronic myocardial infarction (i.e., 6 weeks old or more); 3) no chest pain since the occurrence of myocardial infarction; 4) single-vessel disease with a significant stenosis (>70%) but without occlusion on coronary angiography; 5) negative stress test with neither angina, ischemic change of the ECG, nor significant redistribution of '0'Tl defects on the initial single photon emission computed tomography (SPECT) study; and 6) informed consent from the patient for the protocol. Exclusion criteria were 1) total occlusion of the infarct-related artery; 2) significant stenosis of another major vessel; 3) any sign of ischemia during exercise test; 4) associated valvular heart disease; 5) severe, uncontrolled hypertension; 6) secondor third-degree atrioventricular block or any uncontrolled cardiac arrhythmia other than sinus arrhythmia or occasional extrasystoles; 7) any condition that might hinder follow-up evaluation; and 8) participation in other trials. Fifteen consecutive patients were included in the study, and each patient was randomized to PTCA or conventional medical treatment without PTCA. Patients of both groups were prescribed aspirin and acebutolol (3-blocking drug) unless intolerance or contraindication. Physicians in charge of the patients randomized to conventional medical treatment were informed about the study and were free to prescribe any other drug considered to be helpful to the patient. Randomization of patients was stratified with respect to the involved artery.
20'T1 Single Photon Emission Computed Tomography Imaging
After an overnight fast, all patients underwent graded treadmill exercise testing according to the Bruce protocol. A 12-lead ECG and blood pressure were monitored every minute. The test was considered positive when typical chest pain occurred with ST segment depression (>0.1 mV during 0.08 second). Criteria for the termination of the test were severe chest pain, serious arrhythmia, hypotension, or when the patient reached the age-predicted maximal heart rate or had severe fatigue. According to the patient's weight, 3-3.5 mCi (111-130 MBq) of 20Tl were administered intravenously at peak exercise, and the patient continued to exercise for one additional minute. SPECT imaging was started 5-9 minutes after`'Tl injection and repeated 6 hours later.
SPECT acquisition was performed with a rotating gamma-camera (Gammatome II, Sopha Medical, Buc, France) and was a 1800 acquisition, starting from the left posterior oblique 30' position with a circular orbit. Thirty-two projections were acquired on a step-andshoot mode (40 seconds per projection for stress imaging, 50 seconds for delayed imaging) with a 64x 64 matrix. Slices were obtained by filtered-back projection (Hamming-Hann filter) and reoriented along the three axes with a dedicated computer device (Sophy P., Sopha Medical, Buc, France). Background subtraction and attenuation correction were not used. Volume masking excluded noncardiac activity after back-projection when bowel activity was significant.
A two-dimensional mapping of SPECT data was automatically performed using three-dimensional radial sampling.'516 A bull's-eye polar map of the maximal value of the myocardial pixels (count-rate density) was displayed to compare postexercise and delayed slices demonstrating the absence of significant redistribution of 20`TI defects on the initial SPECT study. Bull's-eye analysis is an automatic process with good reproducibility for the comparison of similar regions on two serial scans. Regions of interest, avoiding the border zones, were drawn in normal and pathological areas on the first postexercise bull's-eye image. Normal areas were easily determined because all patients had single-vessel disease. Average values contained in the pixels allowed automatic calculation of a pathological-to-normal ratio. The same regions of interest were used to calculate a second pathological-to-normal ratio on the second stress 20'Tl SPECT performed after 2 months of follow-up.
Cardiac Catheterization
Contrast ventriculography was filmed in the 300 right anterior oblique projection on 35-mm cinefilm at 50 frames per second. Contrast ventriculograms were reviewed on a frame-by-frame basis. End-diastolic and end-systolic silhouettes were traced by two experienced angiographers independently of each other, and only sinus beats, which were not postextrasystolic beats, were analyzed. LV ejection fraction was calculated with the area-length method.17 Regional wall motion was determined by the area-based method, as previously described.18,'9 Briefly, a computer program was used todefine 11 areas of motion around the superimposed ventricular silhouettes. The most basal inferior area corresponding to the mitral valve location was not analyzed, and no correction was made for displacement.'820 For each segment, the ratio of the segmental area to the sum of areas of all segnents determined the segmental area ejection fraction index. Abnormal con-tractility of a segment was defined as motion exceeding 2 SDs from the normal mean determined from normal patients in our laboratory. The infarct area included adjacent segments with abnormal wall motion. Regional wall motion of this infarct area was calculated as the sum of segmental area ejection fraction indexes of the adjacent segments. Therefore, this value of the infarct zone was a percentage of the global area ejection fraction. In each patient, we compared the value obtained on the first LV angiogram with the value calculated in the same segments on the 2-month follow-up angiogram.
Coronary angioplasty was performed with three or more inflations across the lesion, using sufficient pressure to achieve full balloon expansion. The angioplasty procedure was successful in all patients (residual stenosis <40% in all views and no major procedural complication). Postangioplasty protocol included continuous heparin infusion for 24 hours and aspirin (250 mg daily).
Computer-assisted measurements of coronary artery diameters were made by videodensitometry. The cineframe was digitized, and the image was calibrated on the basis of the known size of the catheter. We 
Myocardial Imaging
During baseline stress 20'Tl SPECT, 12 of 15 patients achieved 75% or more of the predicted maximal heart to allow eventual recovery of regional wall motion after fraction, and individual changes of segmental area ejection fraction indexes are reported in Figure 3 . After PTCA, wall motion of the infarct area improved significantly (A=+11.5+2.2% after the follow-up period; p<0.001) (Figure 4 ). The segmental wall motion of patients allocated to conservative medical treatment increased only slightly (A= +4.1±1.4%, p=0.03). Improvement of regional wall motion was significantly greater in the PTCA group compared with the conservative treatment group (p<0.05). Global LV function increased slightly from 48±3% baseline to 54±3% 2 months after PTCA (p=0.04) but did not change in patients who were not dilated (from 51±3% baseline to 52±4% at 2 months follow-up, p=NS). Mean increments in the two groups were not statistically different (p=NS). Changes of LV volumes in either group were not significant ( Table 2) .
The individual changes of segmental area ejection fraction indexes are plotted against the changes of 201TI pathological-to-normal ratios for all patients in Figure   5 . A relation between improvements of 20`T1 uptake and regional wall motion of the infarct area is evident (r=0.73, p=0.002). 20`TI pathological-to-normal ratios increased after PTCA of the infarct-related artery and were unchanged in patients with persistent underperfused necrotic areas. Because all patients had single-vessel coronary artery disease, normal and pathological areas were easily discriminated, and any increase of pathologicalto-normal ratios over the follow-up period was caused by improvement of 20`TI uptake in the pathological area.
For inclusion in the study, all patients had patent infarct-related arteries, and perfusion of the infarct zone, although severely decreased, never depended on collaterals but only on the infarct-related vessel. Subsequently, the increased anterograde epicardial blood flow obtained by PTCA could explain improvements of 20`T1 uptake and ventricular function of the infarcted wall. 20`T1 uptake depends on both coronary flow and tissue viability, and results in the PTCA group demonstrate that both conditions are necessary to improve uptake in the infarct zone. Finally, changes of 20lTI uptake correlated well with changes of the regional systolic function, and temporal improvements of both parameters appear to be good retrospective markers of myocardial viability. These data suggest that some tissue remains viable for a long time in the zone of earlier infarction when limited anterograde coronary flow is present. The concept of hibernating myocardium, defined as reduced myocardial blood flow and regional LV function, requires that abnormal contractile function is at least partially reversible when blood flow is restored.27 Moreover, Rahimtoola23 pointed out that hibernating myocardium is often painless and does not represent demonstrated with planar scintigraphy that the degree of decreased 20`T1 activity within stable defects was useful in predicting the response to revascularization surgery. A mild reduction in 201T1 activity (pathologicalto-normal ratio between 50% and 75%) in persistent defects was associated more frequently with improvement of segmental wall motion than defects with severe decrease of 201T1 activity (pathological-to-normal ratio <50%). Similar data were reported with`'TI SPECT, which suggests that the amount of 201T1 activity in irreversible defects is an indicator of viable myocardium.34 Although our study population was different from patients recruited in these studies, the degree of 201T1 uptake in the Q wave area of our patients may be related to the recovery of segmental wall motion we measured. Most infarct areas contain both dead and viable myocytes, and positron emission tomography demonstrated a concordant reduction in regional perfusion and glucose usage in only 32% of Q wave regions; the majority of chronic Q wave regions had persistent metabolic activity.37 Stable 201T1 defects frequently manifest '8F-2-fluoro-deoxyglucose uptake, which confirms that permanent defects contain viable myocardium.3839 Nevertheless, 201T1 imaging with reinjection and interpretation of the level of 201T1 activity within persistent defects identifies the same viable regions as does positron emission tomography with 18F-2-fluoro-deoxyglucose. 34 Reliable evaluation of viability by 201T1 SPECT is important to prospectively identify patients in whom it is probable that wall motion will improve after revascularization. We believe that some`1Tl defects in our patients would have been reversible after 201T1 reinjection or after late redistribution imaging. Several studies have reported the important prognostic value of redistribution defects after a myocardial infarction, which allows a rational decision as to the probable benefits of revascularization.40'41 However, the objective of this study was not to prospectively identify jeopardized myocardium by 201T1 SPECT for the purpose of guiding PTCA but to determine whether this procedure could reveal myocardial viability through changes of 201T1 uptake and LV function.
Reversal of regional dysfunction by revascularization in patients with stable coronary artery disease has been described after days and months of reduced coronary blood flow.8,2325 However, revascularization in patients with myocardial infarction and persistent underperfusion of the infarct area has been studied mostly within days of the acute episode when stunning, which is another reversible state of contractile dysfunction, is important.842,43 To minimize the role of stunned myocardium, we selected patients 6 weeks or more after the acute episode. The spontaneous improvement of wall motion was minimal in patients not treated by angioplasty but might have been better after revascularization when considering baseline`'Tl ratios. In contrast, successful PTCA clearly increased coronary blood flow and LV function, which suggests that hibernating myocardium was present in these asymptomatic patients with old Q wave myocardial infarctions 
